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SEMICONDUCTOR UNIT HAVING TWO DEVICE TERMINALS 
FOR EVERY ONE INPUT/OUTPUT SIGNAL 

Background of the Invention: 

This Invention relates to a semiconductor unit, a semiconductor module, 
and a memory system and, In particular, to a semiconductor unit, a 
semiconductor module, and a memory system where degradation of data signals 
or the like hardly occurs on high-speed operation. 

Recent years, demand for high-speed becomes high more and more in 
a memory system. Specifically, In a high-speed memory system, performance 
coping with a high frequency such as hundreds of MHz through several GHz is 
required. In general, in the memory system, when a operation frequency 
becomes high, a waveform is easily confused on propagating of a signal on a 
wire. Accordingly, device is performed to a signal wiring so that a signal 
propagates accurately and a high-speed. 

For example. United State Patent Application Publication No. US 
2001/0024389 A1 discloses a memory system operable at a high-speed in which 
branches of the signal wiring are cut and reflection of a signal occurring in a 
branch of a wire is decreased. The memory system disclosed in United State 
Patent Application Publication No. US 2001/0024389 A1 will later be described in 
conjunction with Fig. 1 However, when the memory system further operates at 
the high-speed, problem arise in distortion of the signal waveform generated 
because the signal reflected at an end portion of an intra-package wire goes 
and returns the intra-package wire in the manner which will later become clear. 
In addition, in the memory system where the intra-package wire branches the 
signal path, there is a limit in a high-speed of the operating frequency 
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Japanese Unexamined Patent Publication of ToKKai No. 2001^8617 or 
jp.A2001^8617desoribesateohni<,uewhereapiu,a,«yofsenniconductor 

elements are ian-inated in a n,en,ory n,odu,e. ,n the technique described ,n 
JP-A 2001-68617, signal wires which are fon,^ directly below the 
licohductor e.n,ents, which connect an end o, a substrate with ano.erend 
^ and which extend in parallel with the substrate compnse as a ,ne o^ 
Is Signal Wires wh.h are ,on,«d in a lan,ina«ng direction though v,a holes 
:::ate:disposedattheendandtheo.herendo,.hesubstrateoo.pr^asa 

„ne of Wires. Such signal wires cope with at the h^h-speedoperatron 
H^lver in .P-A 2001-68617, inasmuch as the signal wires extending .n parallel 
lCubst.tepassthroughdirectl,belowthesen,iconductore,e^^^^^^ 
Lg section, prob,en,sahsewherecross-talKnoises(e.ctron,agne.c.^^^^^^^ 

noises) are superin,posed fron, the signal wiring to s^na. wires w,th,n the 
Itnducto elements andpower-supplywi^when«,eoper^ngfre<,uencv 

riestheh^h-speed. ,n add.ion, problems a.se where when a.,nat,ng o, 

the semiconduotor elements are carried out, heat generated from the 
lLductore.mentsconcen.rates,tempe.ture Of themoduie increases, and 

degradation of performance is caused. 

,n a memory module operating at a high-speed, . is necessary to cany 
out«mingcon.™,ofvarioussigna,sar.v,nga.ade.ceatahighprea.io. n 

o^er to carry o^ «.e «mlng conUol at the high precision and to spread both of 
d^wlresand command addresswiresw«ho.prob,emfromthepo,nt..ewof 

«.ing error, signal reflec«on, cross^lk, and so on, an occup,ed area of the 
s- J Wires on the layout increases and degree of freedom of the w,res 
dLases. spec^ca,., in the command address «.res, . is ne<«ssa,y to 
disfhbute signals from resisters mounted on the memory module to all of the 
lory deLs, by demands of mlniatuHzation o, the module, a la.e capac^ 
„,.hememo.chip,increaseofthenumberofthecommandaddr^w,re 

caused byafunction extension and so on, p«>blen,sadse Where the c^p.ed 
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^ ■ • . increases the deflree of freedom of the winng 
area of the winng further increases, me ucbi= 

decreases, and the layout is harsh moreover. 

in addition, in the conventional memonr module, by a restriction of a 
posMon .elationship between terminals on the module substrate to be wired and 
,em,inals on tt« memory device corresponding thereto and by a restrWion of an 
area which cannot wiring such as a .esister IC for a command address signal 
disposed on me modute substrate and a PLL (Phase-LooKed Loop) IC for a clock 
buffer, a drawing of signal wires f^m tem,inals of the memory module to 
,em,ina,s of the memo^ device is complicated and a wiring length of the signal 
wires may increase. Inasmuch as the above-mentioned signal wires 
correspond to the branch wires in the memory system having blanches earning 
out signal transmission at order of hundreds of MHz, problems arise where 
increase of the wiring length increases distortion of the signal wavefomn 
genereted by reflecting and reciprocating of signals within the blanch wires. 

EP 0818734 A2 discloses, as a memory system enable at a high-speed 
operation, an example of the memory system due to high-speed and 
small-signal-amplitude interface standard SSTL (stub series tem,inated logic), 
which was adopted by JEDEC (a l^er branch of the Elecfronics Industries 
Association in the United States) as an industry standard. The memory system 
disclosed m EP 0818734 A2 will later be described in coniunction wrth Fig. 3. 
gi i pimarv of f"? Ipvention: 

It Is therefore an object of the present invention to provide a 
semiconductor unit, a semiconductor module, and a memory system, which are 
capable of shortening a wiring length of a branch wiring in a package or a 
memoiy module in the memory system. 

,t is another object of the present invention to provide a semiconductor 
unit a semiconductor module, and a memory system, in which distortion of a 
signal wavefom, does not result in malfunction to operation of the memory 
system on a high-speed operation. 
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K is still an<*er object of the present invention to provide a 
semiconductor un. a semiconductor module, and a memory system, which are 
capable of defusing an insuff,ciency of degree of freedom in wirings. 

1, is yet another object of the present invention to provide a 
semiconductor unit, a semiconductor module, and a memon, system. whM, are 
capab^ of deceasing cross talK noises which are superimposed on a memon, 

device from a signal wiring . 

„ is a further object of the present invention to pn,vide a sem^nductor 
.„» a semiconductor module, and a memory system, which are capable of 
suppressing degr«.at«n of performance in a device caused by an increase of 
temperature in the device by improving ability of heat leak. 

Other objects of this inven«on will become clear as the description 

""""^According to a «rst aspect of this invention, a sem«onducU,r un« has 
^ device tem,inals every one inpu«output signal. The semiconductor un* 
oompr^s a laminated substrate and a semiconductor Chip. The laminated 
sublte c^^pHses at least two wiring ^yer including a signal wiring layer and 
power-supply or a ground wiring layer. The semiconductor chip has an 
UZpadandismountedonamainsurfaceofthelaminatedsubs... 

«,™ugh the input/output pad. The two device tem,inals are disposed on the 
,aminledsubs.rateandareconnectedtobothendscfasigna,wreinthes.nal 

v^ring layer. The signal wire is connected to the input/output pad of the 
semiconductor chip through a via hole. 

The semiconductor unK of me first aspect has the two device tem,inals 
corresponding to one input/output signal. Each device tem,inal Is mutually 
connected through the signal wiie wired in the signal wiring layer of the 
laminated substrate (a pacKage substrate). The signal line is connected to the 
corresponding input,output pad of the semiconductor Chip throughthev.ho 

(.nrough hole) at a desired posi«on. In view of both devK. tem,inals, the wire 
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,via .o,e, connected to the -.np^^/output pad constKutes a branch »,re tor 
signa, line tom,ed between the device tera,ina.. inasmuch as me 
semiconductor un. has the two device te^nais conespondrng to ne 

liconductorunitinadatabus instead othranchas^naitronrthedatahus 

formed on the outside to supply it to the semiconductor unrt. 

,n a convenuona, structure where one input/output pad ,s connec^d to 

one device tem^inai, a ..na, wire in a semiconductor un« e>^ending from . e 
aevice tormina, to the input/output pad cons.itu.esahranchi,neoradatabu. 

:l present ,nven«on, the v.ree.endin„romthes.na,w,reforconec.ns 
rjdevicetermina,s.otheinput,o^u.pado,thesemiconduc.orch,p 
Inst^utes a bianch iine. Comparison wKh the conventiona, semrconduc^or u , 
"Lie to Shorten a ».rin. ien,.h of the wire constituting the branch „ne for 

^edatabusandareciprocatingtimeofthesignalforthebranchlme. 

;"n.he semiconductor un«operab,eatah.h-speed,e.,ecto,as.^^^^ 

ZZ on sionai reaction occurring at the branch ,ine is iess and operatron o, 
the semiconductor unit is not unstable. 

,n add-on, a pacKage substrate comprises a. ieast two w,nng iayers 
.c,udingthepower-supp,vwi.n..averin^,chapower-supp,vs^^^^^^^^^^^^ 
VDD surface) and a ground surface (GND surface, are ^ 
iona, wiring layer by the power-supply wiring layer, it is possible to decrease 
r:::: Jdes the semiconductor chip from an — 
„ IS preferable that the branch wire substantially compnses only the v,a hote. 

.ocording.oasecondaspeco,thisinven«on,asemiconductorun,t 

nas two device tem,ina,s every one input/output signal. The semiconductor un. 
Ipr-^s a laminated substrate and a semiconductor chip. The lamrnated 
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substrate comprises a. teast ^ wirir^ layers Muding a signal wiring layer and 
a power-suppiy or a ground wiring layer. The semiconductor chip has an 
input/output pad and is mounted on a main surface o. the laminated substrate 
through the input/output pad. The semiconductor chip has ^«o input/output 
pods connected to both ends of an intra-chip Wire. The *«o device terminals 
are connected to the two input/output pads through corresponding signal wrres ,n 
the signal wiring layer and via holes, respectively. 

The semiconductor unit of the second aspect of this invention has the 
h,o device tem,inals corresponding to one input/output signal. Each device 
temrina. is connected through the signal wire to each input/output pad of the 
semiconductor chip which has the two input/output pads corresponding to one 
input/output Signal. In the semiconductor chip, ^ input/output pads 
mutually connected through the intra-chip wiring and the signal line fonned 
between both device tenninals is comprised as a line of wires. For instance, n 
wi.l be assumed that a signal is supplied from the data bus formed in the outsKle 
to one input/output pad of the semiconductor chip. In this event, an input s,gnal 
is supplied from the one inputfoutput pad to the semiconductor ch,p and 
produces from another device terminal through the intra-chip wire and anottrer 
input/output pad. 

It is therefore possible further to shorten the wiring length of the wire 
comprising the branch line for the data b us and the reciprocating time of the 
Signal for the branch line further shortens. According^, in the semK»nduCor 
unit operable at a high-speed, effect of signal wavefom, on signal reflectK^n 
occurring in the branch line is less and operation of the semiconductor un« is not 
unstable. In addKion, a package substrate comprises at least two wiring layers 
including the power-supply wiring layer in which a power-supply surface (e.g. 
VDD surface) and a ground surface ^ wired. By shtelding the signal wiring 
layer by the power-supply wiring layer, it is possible to decrease a cross talk 
which invades the semiconductor chip from an input/output signal Une. 
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According .o a «,ird aspeo. o. *is inven«on, a semiconductor unit has 
^ dev^ terminals eve^ one inpu„ou.pu. signai. The J 
Lories a semiconductor chip, at ieast one input/output s^nai ch,p pad o, the 
:iru:rchip,anda«i,etorse,ect,ve,v— ..hechippad 
rhe.«ode.ce.enninais.hathasane.c.rica,connection.orasen„conductor 

"'°"'%he semiconductor un-^oUhethi^aspectotthisinvenaon has the t«o 
dev^ tenninais corresponding to one input/output signal and can se,e<* «,e 
device terminal which is etectricaiiy connected to the semiconductor m«.^e. it 
sn.o.possih-ose,ec«ve.«.rethedev.ceten.ina,.hichcansho^na 

Igiengthonthesemiconductormoduie. inasmuch as «,ere ,s no we 
^^veen the chip pad and another devic« tenninai having no e^ctn^l 
connectK>n tor me semiconductor moduie in the two device termina s 
corresponding to the chip pad, the semiconductor un« does not have an 
excessive wiring capacitance and an excessive wiring inductance. 
tt«retdre possible to decrease the signai reflection. 

According to a fourth aspect o, this inven«on, a semiconductor un has 

^ device tem,ina,s every one input/output ..nal. The — "ductor un. 
^pHsesasemlconductor chip and the^^ode^cetenninalsoonn^edtoat 

^ast one inpuVoutput signal chip pad o, the semiconductor chip^ Th^^-wo 

semiconductor unit at one side opposite to each other one by one. 

ThesemiconductorunKofthefourthaspectofthislnventioncomprises 

,.e two device terminals disposed on the main and the bacK surfaces o, the 
liconductorunitatones.eopposltetoeach other correspondingtoo^ 

Tput/outputsignaionebyone. On moun«ng the semiconductor un. on a 
llnLormodu.i,ispossib.toa«erapos™onofthedev— 
3case where the main surface Of the sem^nductorun^is disposed 
,ooK upward and a case where the bac. surface of the semiconductor unit 
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aisposeasoastcocupwa^.. «-,sU,ere,o.poss,b.e,ose,ec,«e,.rea 

.cdule .nasa,uch as a length o, a between the oh,p pad and ano««r 
— ha.n.d.ec..nooonne.on.o.3.en,o..odu.:nthe^ 

aev,oe.e..na.seor^pond>n,to«,echlppad,s,ese«,anath,cKnessohe 

semiconductor unit, an excessive wiring capac^ance and an — ^ 
Tuctance, Which arecausedW.hewire,or«,edeviceter,r,inaiwh.Msd,^, 

Iconnec*edto.hesem.conduc.or.odu.e,areve.iinie. .t.theren,re 
possibie to decrease the signal reflection. 

,n the semiconductor unK of the first and the second aspects of th s 

;:l;.ng,averin.he,an„na.edsubst.teandthegroundwi.ngia,er.av 
disposed between the s^nai wiring layer and ,he semiconductor ch,p. 
A«emat.ely, the signal wiring layer may be sandwiched between the 
p^r^upply Wiring layer and «,e ground wiring layer in the lam.nated substrate 
7L a Z line together ^h the power-supp^ wiring layer or the ground 

lnthe:eeven.s,inasmuchasara.eo,n.,alin.udedin3pa^^^^^ 

:ubslatladiacenttothesemiconductorchipislarge,..possihle.osmoothly 

earry out radia«on of heat and , is possible to prevent opera«on of the 
J^nducor Chip from being unstable caused by rising temperature o, the 

semiconductor chip. 

,n the semiconductor unit of ^ firs, and the second aspects of th 
invention, the laminated substrate may have a ..e larger than a plan size^the 
lleonducor ch. and the semiconductor un« may have nrrther two dev«e 

Imals fomred on a main surface of the laminated substrate that are oppo^ 
,o.he.wodevlcetem,inalsfom,edonabaoKsurfaceo,tHe,am,nat^sub^te. 

..nisevent, the semiconductor unlthasamaxlmumoffourdev,ce.erm.a,s 
every one input/output signal. On laminating the semiconductor un«s, ,t « 
possible to connecting two device .em,lnals with combined among one and 
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another device .ern^inals on «,e main surface and one and another device 
tenrrinals on the back surface for the same input/output signal. The 

semiconductor un« may have device terminals directly -"-'^""^^^als 

on the back surface v»ithout connecting with a signal w.re. 

,n the semiconductor unit of the first aspect of this invention, the 
semiconductor chip may comprise an Input/output circuit corresponding to *e 
input/outpu. pad that comprises at .ast one of an input b^r and an output 
buffer, an input protect»n resistor, and an eteCrostatic protection element^ 

,n the semiconductor unit of the second aspect of this inven.,on, the 

semiconductor chip may comprfee an input/output circuit corresponding to the 
linpu^outputpadsthatcomprlsesatleastoneofanlnputbufferandanou^ut 

.uffer.aninp.protec.ionreslstor,andane,ectros.aticprotect.ne,ementa^^^^^^^ 
tt,e inpuvoutput circu. may be connected to the Intra-chip «lre through a drfferent 

intra-chip wire. . 

is preferab^ that the semiconductor un« of the flrst and the second 

aspects of this invention Is operable in response to a clock signal and a dls^nce 
t between the Input/output circuit and the signal ^re is sa«sf«d to a cycle t,me 
tck of the ctock signal detemiined by a product spec^cation of the 
semiconductor unit »-tth a relationship as follows: 

2 X 2L « 7ns/m < tck/10. 
H «i„ be assumed that tR represents a signal Hse time and rS represent a s^na, 

«i,e. When the signal rise time rR is not more than twice the signal 
,eciproca«ng time rS, nameW. when the signal reciprocating time rS ,s not less 
„an a ha. of the signal rise «me rR, distortion o. signal wavefom, becomes 
Obvious. 1. Will be assumed that a «me required to propagate a s,gna for a unU 
distance . 6-7 (ns/m) and the signal Hse «me tR is about one-tenths of a ^,od 
Of an operating clock s.nal. When the relationship of 2 « 2L « 7ns/m < tck/10 « 
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satisfied, dlstor^on o, signal wavefom, does no, effect operation of the 

semiconductor unit and good operation can be made. 

According to this invention, a semiconductor module compnses a 
.odule suhstrate and a p,ura,«y o, semiconductor unUs. The module su s^.e 
comprises a connector and an intra-modute wire connected to the conneoto 

The semiconductor unns are mounted on a main suKac and a bacK ..a^ 
module substrate and are connected to.helntra.modu. .re. E ^ nne 

semiconductor units Is comprised as the semiconductor un. accordrng to the «.t 
risecondaspectotthislnventlon. One peir o, the two device .enn.a. ^ 
.osem— un.disposedon.hemalnsuKaceand.hehac^- 
.he module substrate opposite to each other are mu«ra„ -nect ~b 
.a ho. whi. another pair of the two device tem,ina.s ar. ^ bacK 

connector through intra-module wires disposed in the ma,n surface and the 
surface of the module substrate, respectively. 

,n the semiconductor module of a first aspect of this Invention, module 
outer wires and «,e intra-module wir^ are connected by the connector on the 
.am surtace and the bacK surface o, «» module substrate and resp«^e 
Intra-module wires are connected to the one pair Of tt«dev,cetem„na,s of 

semiconductor unltofthefirst or the second aspects mounted on the ma,n 

surfaceandthebacRsurfaceofthemodulesubstrate. Ano«,erpa,rofthe 
.e^cetennlnaisofthetwo semiconductor unns mounted on the ma. surface 

and the bacK surface of the modu. substrate are connected — ' 
.hrough a via hole for connecting between the main surface and the b^cK surface 
lemodu^substrate. w.h this structure. It is posslb. to const^ute w,.s 
extending from the connector ofthe main surface Side tothe connec^or^^e 

hack surface side as a line of wires and a high.speed operation ,s enable by 
d'tlTg branch posKlons. inasmuch as K Is unnecessa. to v.re, directly ur.e 
leselnducto,unlt,theintra.modu,e^.correspondingtoas.na,su^.ed 
.0 the semiconductor unit, it IS possible to dispose other Wires such as control 
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«lres direcuv under .he semiconduCor u„K and degree o, freedom on wiring 
^""":llduc.or.odu,eo,asecondaspec.on.isin.n«onoon,pHses 

*e module substrate and a piuraifty o. semiconductor unKs. The moduie 
substrate compr^es a connector and intra-moduie wires connected to the 
connector. The semiconductor un«s are mounted on the main surface a the 
.acKsurfaceofthemoduie substrate and areconnectedtotherntra^^J- 
^. The semiconductor units can form device temrinais on a ma,n sur^ce 
and a bacR surface thereof. The semiconductor units are laminated. The 
aevice temrinalfom^ed on the bacK surface of the semiconductor un,. of an 
upper layer is connected to «,e device .em,inal fom,ed on the ma,n surface of 
the semiconductor unit of a lower layer. 

,„ .he semiconductor module of the second aspect of this .nventron, the 

intrannodule wire is connected to one device terminal fom,ed on the bacK 
surfaceof the semiconductor unKswh^h are mounted on the ma,nsurfacea^ 

,ebacK surface ofthe module substrate andln Which the device tem„na..e 

,om,ed on the main surface and the bacK suKace thereof. The sem,co^,ductor 
unns are laminated on the module substrate. S^nal v^res fomred ,n *e 
semiconductor un«s are connected so as to const^ute a line of «.res W — 
oonnectlng one and another device ten^inals formed on the ma,n surface and 
lacKsuKaceofthesemlconductorun. ,n this event, branch pos,t,ons ,n 
.ne semiconductor un«s laminated decrease and a h^h-speed operatron can 

"'"'Tnthe semiconductor module ofthesecondaspecofth. invention. Lis 
preferab. that one pair of the two device terminals in two semiconducton.n«s 

oppos«e to each other are mutual, connected through a via hole wh,. another 
pair Of the two device temrinals are connected to the connector through 
intra-module wires disposed on the main surface and the bacK surface of the 
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module substrate. In this event, Inasmuch as it « possibte to shorten a ^.ring 
length of branch wires included in the signal wires extending from the connector 
of the main surface side of the module to the connector of the buck surface side 
of the module, a high-speed operation can be carried out although the 
semiconductor units are laminated. Inasmuch as it is unnecessary to wrre, 
directly under the semiconductor unit, the intra-module wires corresponding to a 
signal supplied to the semiconductor unit, it is possible to dispose other wires 
such as control wires or the line directly under the semiconductor unit wimout 
increasing the wiring layer and degree of freedom on wiring layer is improved. 

in the semiconductor modules of the first and the second aspect of th,s 
invention, it is possible to constitute the module substrate as a different 
laminated substrate, in this event it is possible to shield the intra-moduie wires 
by the power-supply surface and the ground surface to fbm. a strip line or a 
micro strip line. 

in the semiconductor modules of the first and the second aspects of th,s 
invention, the semiconductor unit may be comprised as a memory device. 

The semiconductor modules of the first and the second aspects of this 
invention may adopt a structure where the semiconductor module further 
comprises a register mounded on the module substrate and a control wire 
between the register and the plurality of memory devices passes through 
between the two device tem,inals. In this event, inasmuch as the signal wire 
and the control wire do not intersect to each other on the module substrate, it is 
possible to lower a characteristic impedance by making a size of the control wire 
larger. 

A semiconductor module of a third aspect of this invention comprises 
module substrate and a plurality of semiconductor units. The module substrate 
comprises a connector and intra-module wires connected to the connector. The 
semiconductor units are mounted on a main surface and a back surface of the 
module substrate and are connected to the intra-moduie wires. The 
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semiconductor unft is comprteed as «,e semiconductor unK of flrst, tt,e .h,rd, 
or the fourth aspects of this invention. The device terminals of the 
semiconductor unit are selectively connected so as to shorten a «iring length of 
Wires which extend from a module temrinal of the semiconductor module to the 

semiconductor unit. 

A memory system according to this Invention comprises a mother t»ard 
having mother board wires, a controller mounted on ttre mother board, a piuraWy 
of semiconductor modutes which are mounted on the mother board In turn and 
Which are connected to the controller through the mother board wires in turn, and 
tem^lnating resistors connected to temrinatlons of ttre mother board wires. The 
semiconductor module comprises the semiconductor module of the first or the 
second aspects of this invention. The mother board wires are connected 
through the Intra-module wires in a chain fashion. 

in the memory system according to this invention, inasmuch as it adopts 
the semiconductor modules which are comprised as the semiconductor modules 
of the first or the second aspects of this Invention, it is possible to shorten a 
Wiring length of branch wires which lie In a signal path extending from the 
controller to the tem^inating resistor and a high-speed operation can be carr«d 

out. 

Aterm of "a line of wires" used throughout this specification means a 
signal wire on which a signal substantially propagates only in one direction 
without any branch and any loop in a wiring path. 

Rriftf Descr iptinn of the Drawing: 

Fig. 1 is a sectional view showing a signal wiring path in a conventional 

memory system; 

Fig. 2 is a sectional view showing details of a memory device for use m 
the memory system illustrated in Fig. 1; 

Fig. 3 is an illustrative view showing a bus configuration of SSTL 

illustrated in EP0818734A2; 
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Fig 4 IS a perspective view shoeing a struotu-e of a memo-y system 
according to a first embodiment of this invention; 

Fig. 5 is a sectional viev. taken along a DQ bus of the memory system 

illustrated in Fig. 4; 

Fig 6 is a sectional view showing details of a memory device for use 
^ memory system illustrated In F^. 4 together with an equivalent circu« of an 

input/output portion of a memory chip; illustrated 
Fig. 7 is a sectional view showing details of a memory module illustrated 

in Figs. 4 and 5; jn 
Fig 8 is a sectional view showing details of a memory devce for use 

a memory system according ,o a second embodiment of this lnven«on; 

Fig. 9 is a sectional view showing a stmCure of the memory system 
according to the second embodiment of this invention; 

Fig. 10 is a sectional view showing details of a memory system for use 
in the memory system illustrated in Fig. 9; 

Fig 11 is a sectional view showing details of a memory device for use 
amemorysystemaccordlngtoathirdembodlmentofthislnvention; 

Fig 12 is a sectional view showing the memory dev^ Illustrated ,n F,g. 
11 together with an ecu^alent circuit of an input/output portion of a memory ch,p; 

Fig. 13 is a sectional view showing details of a different example of a 
memory device for use in a memory system; 

Figs. UAand 14B are sectional view showing signal wiring paths ,n 
conventional different memory systems; 

Fig. 16 is a plan view showing a wiring layout of a conventional memory 

Fig. 16 is a plan view showing a wiring layout of a memory module for 
use in the memory system illustrated in Fig. 4; 

Fig 17 is a plan view showing an embodiment In a case where the 
semiconductor unit according to me first and the second aspects o, mis invention 
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is used in a memory module for use in a one-to-one connection bus; 

Figs ISAand 1 8B are plan views showing structure of a memory 
package of a first embodiment of a semiconductor unit according a third aspect 

of this invention; 

Fig. 19 is a plan view showing structure of a semiconductor module 
according to a third aspect of this invention: 

Fig 20 is a plan view showing structure of a memory package of a 
second embodiment of a semiconductor unit according to a third aspect of this 
invention; 

Fig. 21 A is a plan view showing structure of a memory package of a 
third embodiment of a semiconductor unit according a third aspect of this 

invention; 

Fig. 21 B is a sectional view of the memory package illustrated .n F.g. 

21A' 

Fig. 22 is a plan view showing structure of a memory package of a 
fourth embodiment of a semiconductor unit according a third aspect of this 

invention; 

Figs. 23A and 23B are sectional views showing structure of a memory 
package of a first embodiment of a semiconductor unit according to a fourth 

aspect of this invention; 

Figs 24A and 24B are sectional views showing structure of a memory 
package of a second embodiment of a semiconductor unit according to a fourth 

aspect of this invention; 

Fig. 25 is a block diagram showing structure of a memon^ system which 
uses a one-to-one connection bus together a one stroke connection bus; 

Fig. 26A is a plan view of a first embodiment of a laminated memory 
having both the first and the fourth aspects of this invention; 

Figs. 268 and 26C are secfional views of the laminated memory 

illustrated in Fig. 26A; 
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Figs. 27A and 27B are sectional views of a memory device v»/hich uses 
a one-to-one connection bus together a one stroke connection bus. using the 
first embodiment of a memory having both the first and the fourth aspects of th.s 
invention; 

Figs. 28A and 28B are sectional views of a second embodiment of a 
laminated memory having both the first and the forth aspects of this invention; 
and 

Figs. 29A. 29B. and 29C are sectional views of an embodiment of a 
laminated memory mounting four devices, having both the first and the fourth 

aspects of this invention. 

r^^crri ptinn of the Pr^farred Embodiments: 

Referring to Fig. 1 . a first conventional memory system will be described 
at first in order to facilitate an understanding of the present invention. Fig. 1 is a 
cross sectional view of signal wiring paths in the first conventional memory 
system disclosed in Fig. 21Aof United State Patent Application Publication No. 

US 2001/0024389 A1. 

A memory system 200 comprises a memory controller 201 , a plurality of 
memory modules 203. and a terminal resistor 205. Each of the memory 
modules 203 mounts a memory device 204 thereon. 

The memory system 200 is mounted on a motherboard 206. Each 
element of the memory system 200 is connected to another element through a 
signal wire 207 and a command address wire (not shown). A module socket 
202 holds the corresponding memory module 203 and connects the signal wire 
207 with an intra-module wire 208. Each memory module 203 comprises a 
module substrate and a plurality of memory devices 204 mounted on the module 
substrate. 

The memo.Y controller 201 controls whole of the memory system 200 
through the signal wire 207. The memory controller 201 reads data out of the 
memory device 204 mounted on a desired memory module 203 and writes data 
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in „e „ device. The signal wire 207 and the inUa^odule wire 208 are 
conWted so .ha, Hs wiring impedance has a desired vaiue and prevents s,gna, 
^ or the liKe caused by impedance mismatching. Each memory dev,,. 
204 is connected to the intra^oduie wire 208 on the module substrate through 
aevice tem,inai 209 which comprises, tor exampie, a solder ball. The tem«na 
.esistor 205 tem,inates the signal wire 207 and prevents refleCK,n o. the s,gnal ,n 

a wiring terminal portion. 

Fig 2 Shows details of the memory device 204 illustmted ,n F,g. 1 . 
The memory device 204 is composed as a memory chip 210 mounted on a 
pacKage substrate 211. In the pacKage substrate 211, an intra-package w,re 
213 is wired. The inU^-pacKage wire 312 has an ^pedance o, a controlied 
aesired value. The package substrate 211 has an end connected to the device 
tem,inal 209. The pacKage substrate 211 has another end connec*^ to a 
s«nal tem,inal pad 212 through a via hole. The signal terminal pad 212 
composed as an input/output temiinal of the memory chip 210. 

The device temrinals 209 and the signal temiinal pads 212 have 
one-to-one relationship. An input signal from a dev^e tem,inal 209 is suppled 
tc ^ Signal terminal pad 212 through the intra-package wire 313 correspond,ng 
.o the dlice terminal 209 in .uestion. The intra-pacKage «.re 213 has a .nng 
.„g«, wh.h IS detem,ined by a pos«on relationship between - — 
209 and the s^nal terminal pad 212 corresponding to the device ,erm,na, 209 n 
question, in the memory system 200 in Fig. 1 , on. the intra-pacKage w,res 2 3 
substantially comprise branch wires in wires between the memory controller 201 
and the terminal resistor 205. 

,n the manner Which is described above, in technique descnbed ,n 
united State Paten.Applioa«on Publication No. US 2001/0024389 A1, by 
constructing the signal path from «ie memory cont^ller 201 to the .em,ina 
resistor 205 at a line of wires without branching, it makes less reftectk.n of a 
signal generated a. a wiring branch place, makes disturbance of the signal 
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minimum, and it is possible »o opei^te at a high-speed. 

in the manner which is described above, in the memory system 200, the 
intra-pacRage wire 213 constitutes a branch wiring for the signal wire 207 and the 
intra-modute wi,. 208. Inasmuch as the intra-pacKage wire 213 is comprised of 
a Wire having a su(r,ciently short tength, the signal reflection generated at an end 
portion of the intra-package wire 213 becomes no issue when the operating 
frequency has a low. However, when the memory system 200 ftrrther operates 
at«ie h^h-speed, problem arise in distortion of the signal wavefom, generrted 
because the signal reflected at the end portion ct the intra-pacKage wrre 213 
goes and returns the intra-package wire 21 3. 

„ „i„ be assumed that the intra-pacKage wire 312 has the wiring length 
of 10mm and the signal propagating in the wiring has a propaga«on time per un. 
distance of 6ns/m. In this event, a time ,S required where the signal goes and 
returns the intra-package wire 213 is 120PS. When a rising time tR of the 
propagating signal is not more than twice o, the s'^nal rec,proca«ng Ume tS the 
effect on the signal wavefom, becomes large and the distortion of the wavefom, 
caused by the signal reflection becomes obvious, it will be assumed that the 
rising time rR of the signal is about one-tenths of the operating frequency 
When the operating frequency is 100MHz, the rising time tR of the signal ,s 
about ins. When the operating frequency is 1GHz, the rising time tR of the 
signal is about lOOps. When the operating frequency is about 100MHz, the 
signal reciprocating time tS is sufflciently short compared with the rising time tR 
and the distortion of the signal hardly becomes fesue. When the operating 
frequency approaches to order of GHz, a difference between the s.gnal 
reciproca«ng time tS and the rising time tR becomes small and the distortion of 

the signal becomes issue. 

,n order to realize a stable high-speed operatton in the memory system 
200 the Wiring length of the intra-package wire 213 comprising «,e branch wrnng 
may be as short as possible. However, when the intra-package wire 213 has 
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tt,e Wiring length determined by a position .elationship between the device 
,em,inal 209 and the signal teminal pad 212 conesponding to the device 
tennina, 209 in the manner which is described above, there is a restr^t^n on a 
layout and it is impossible to arbitrarily set the wiring length. Accordingly. ,n the 
conventional memory system 200 where the intra-pad^e wire 213 branches 
^ Signal path, there is a limit in a h«h-speed of the operating ^'-^'-^^ 

Japanese Unexamined Patent Publication ofToKKai No. 2001^68617 or 
JP-A 2001^8617 describes a technique where a plurality of semiconductor 
element are laminated in a memory module. In the technique described in 
JP-A2001-68617, signal vA,e which are tom«d directly below the semiconductor 
elements, which connect an end o. a substrate wfth another end thereof, and 
which extend in parallel with the substrate comprise as a line of wires. Signal 
Wires Which are fenced in a laminating direction though via holes alternately 
disposed at the end and the other end of the substrate comprise as a line of 
Wires such signal wires cope With at the high-speed operation. However. ,n 
JP-A 2001-68617, inasmuch as the signal wires extending in parallel w,th the 
substrate pass through directly below the semiconductor elements for a long 
section, problems arise where cross-talk noises (electromagnetic coupling 
noises) are superimposed from the signal wiring to signal wires within «ie 
semiconductor elements and power-supply wires when the operating frequency 
t^comes the high-speed. In add-on, problems arise where when ,amina«ng of 
,he semiconductor elements are carried out, heat generated from the 
semiconductor elements concentrates, temperature of the module increases, and 
degradation of perfomiance is caused. 

,n a memory module operating at a high-speed, it is necessary to cany 
out «ming control of various signals arriving at a device a. a high precision. In 
order to carry out the timing control a. the high pi^cision and to spread both of 
data Wires and command address wires w«hou. problem from «,e point of vtew of 
«ming error, signal reflection, cross-talK, and so on, an occupied area of the 
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Signal wires on the layou. inoeases and degree of .reedon, of me wres 
decreases. SpeCOy, In .he oon,n,and address wires. * 

Lory devices, hyden,andso,n,,nla—no,.e«n,od.e,a,argec^^^^^^ 
o, .he n,e.ory chip. Increase o, ,he numher of .he con,n,and address w,res 

area of me wiring further Increases, ,he degree of freedom of .he wrnng 
decreases, and .he layou. is harsh moreover. 

,n addition. In me conventional memory module, by a resfnction of a 
p.s.lon relationship he.ween.em,lna.s on me m«.ulesuhs.ra.e.ohe w^^^^^ 

Linals on .he memo^ device correspondl,^ mere.o and hy a resmCon o an 
1 Which canno. wiring such as a reslster ,C for a command address s«na 
::;sedon.hemodu,esuhstia,eandaPU(Phase.LooKedUoop,.Corac.cK 

buffer a drawing of signal wires from .em,lnals of me memory modute o 
llna.of .he memory devlce.compllca.edandawlrlnglengmof.hes,gna, 

„,es may Increase. Inasmuch as me above^emloned signal w,res 
lespond.o.he branch v.resln.hememo,ysys.em having blanchescarry,ng 

ou. signal .ransmlsslon a. order o, hundreds of MHz, problems arise where 
increase of me wiring lengm Increases dls.or.on of .he signal wavefom, 
generafed by refleCing and reciprocating of signals wimin me blanch wrres. 

EP 0818734 A2 discloses, as a memory sysfem enable a. a high-speed 
operation, an exampte of me memory sysfem due .o high-speed and 
small-slgnal-amplLude In.erface s.,K.ard SSTL (sU.b series 
Which was adop.ed by JEDEC ,a lower branch of .he E^Cronics Indusfnes 
Association in me united S.a.es) as an industry srandard. 

Fig 3 IS an illustrative drawing showing a bus configuration of SSTL. 
AS shown in Fig. 3, SSTL inserts reslsfance Rs betiveen a bus 10 
having a charac.eris.lc Impedance Z. and a s.ub (branch f^m the bus 10) 11 
having a characteristic Impedance Z,. This res««nce Rs has a resistence 
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value related as: Zo/2 + Rs = Zi. .^,^k..c 

,0 V.., not be reflected again at the connection between «,e Mub 11 and the us 
10 because ^pedance matching is in piace between the stub 11 and a po,n. 
,eyond(bus10,. This prevents transient responses .oni interten^ w^^^^^^^ 
.ansn,«ed signals, thereby achieving h^h-speed data transfer. SSTL a^ 
oonnecs the bus 1 0 to the ten^ination voKage vn via terminat»n resistances R. 
as Shown in Fig. 3. The ten^ination voitage V« is set lower than a power 
voKage ievel. Choice o, an appropriate vaiue tor the termination res.sUnce Rt 
canpreventsignalreflectionsattheendpointsofthebusio. 

,„ practice, the .em,ina«on voltage Vtt is substantially 1 .5V, and a 
reference voltage Vref used in receivers (input unKs for receiving signals ron. the 
.us, is also substantially set to 1 .5V. The ,em,inat.on resistance Rt ,s about 
50Q and the resistance Rs is approximately 25D. 

Referring to Figs. 4 and 5, the description will proceed to a memory 

system according to a f,rst embodiment of this inventK,n. Fig. 4 Is a perspec^,ve 
II cfamemorysystemlOO acceding tot^flrstembodlmentofthrsinven^on. 

5lsasec.iona,viewtaKena,ongadl.c«onofaOObus10Bo,t ememorv 

system 100. The memory system 100 comprises a memory . 
lemory modu^ 103 each comprising memory devices 104 and res,sters 105, 

and terminating resistors 1 06. 

The memorv controller 101 controls the whole of the memory system 
,00 Each memory module 104 mounts the resistor 105 and a plurality of 
memory devices 104 thereon. Module sooKels 102 are disposed correspondrng 
.„ the memory modules 103 and electrically connect each wiring on a m*er 
.oard 107 With each wiring in the m^nory modules 103. The memory controller 
,01 IS connected to the memory dev^s 104 through DQ buses (date buses, 
108 having a band corresponding to a predetemiined data length and « 
connected to the resistor 105 through a CAbus (control signal bus) 109. 
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The CA bus 109 branches at the resister 105 and is distributed to the 
memory devices 104 in the memo^ module 103 through ah ihtra-module CA bus 
111 The DQ buses 108 are wired in a plurality of systems. Each DQ bus 108 
cohr^cts the plurality of memory devices 104 ih series (ir, cascade) In the 
example beihg illustrated in Fig. 4, four DQ buses 108 are wired ahd each DQ 
bus 108 cor,hects four memory devices 104 ih series as shown ,n F«. 5. 

Signals produced by the memory contraller 101 are tem,inated at the 
temrinating res^tors 106 wh^h are disposed in respective temrinating po,tior,s of 
the DQ buses 108 and the CAbus 109. Produced by the memoir modules 103 
toward the memory controller 101 , signals are temrinated in the memory 
controller 101 or tem,inating resistors (not shown) disposed adjacent to the 

memory controller 101 . 

Signal wires in the memory system 100 are wired so as to have the 
same impedance and each .ermina«ng resistor 106 has a resistance value wh«h 
matches with a characteristic impedance of the signal wiring. At positions 
where components such as module sockets 102 having difficult impedance 
matching with the signal wires locally exist in tt,e signal wires independently, 
impedance is effectively matched by adding capacitance elements adjacent 
thereto. Inasmuch as the memory looks a capacitance load, impedance 
effectively is matched by lowering a capacitance component of a wiring adjacent 
thereto (loaded sectton) or by heightening an inductance component thereof, 
namely, by heightening the characteristic Impedance. 

in the memory system 100, so that raflection of signals specif«ally does 

not occur In the data buses (DQ buses), impedance of the signal wires ara 
accurately matched to enable to read and write at a high-speed, in the system 
operating at a high-speed, a path of a return current is also important, power 
supply wires on the mother board 107 or the memory modules 103 are also 
wired so that discontinuity does not occur. 

AS shown in Fig. 5, each memory module 103 comprises a plurality of 
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„ devices 104 on a module substrate 122. Each « device 04 are 
electrically connected to a corresponding firing on the module substrate 122 
«,rough device tem,inals (DQ pins) 112 and CA pins 113 each of which 
compr^s, for example, a so«er ball. The CA pins 113 connect the memory 
aevice 104 with mt^-module CAbuses 111. In the example being illustrated ,n 
Fig 5 two intra-module CAbuses 111 are wired in one memonr module 103 and 
each intra-module CA bus 111 supplies a control signal to the memory device 
104 through the corresponding CA pins 1 1 3, respectively. 

Each memory device 104 comprises two DQ pins 112 for every one 
intra-pacKage DQ bus 114, each DQ pin 112 mutually connects the intra-module 
OQ bus 110 with the mtra-pacKage DQ bus 114. The data bus from the memory 
controller 101 to the terminating resistor 106 is comprised as a line of w,nng 
without a branch position by the DQ bus 108. the intra-module DQ bus 110, the 
DQpin112,andtheintra-packageDQbus114. 

Fig 3 Shows details of the memory device 104 with an equivalent crcurt 
of an input/output portion of a memory Chip 120. The memory device 104 
comprises the memory chip 120 composed as a date memon, po.«on, a pac age 
substrate 121 mounting the memo^ chip 120 thereon. The memory ch,p 120 
comprises an input dr.er 128, an output driver 129, an input protection resistor 
130 an electrosta* protection capacitor 131, and an internal circuit (not shown) 
including a memory array. In this figure, wires for the cental signals are 

The memory device 104 is pasted to the module substrate 122 through 
cushioning (elastomer) 132. The pacRage substrate 121 compr.es a plurai^ 
of Wiring layers. On each wiring layer, intra-package power supply planes 118 
(VDD) and 119 (GND) wired in a plane fashion and the intra-pacKage DQ bus 
114arewired. Theintra-pacKage VDD plane 118 and GND plane 119 are 
connected to two power supply pins 116 (VDD pins) and 117 (GND pins) through 
Via holes, respectively The intra-pacKage OQ bus 114 has both ends which are 
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connected to two DQ pins 112 through via holes, respectively. The 
intra-package DQ bus 114 is wired in the wiring layer between the VDD plane 

118 and the GND plane 119. 

The memonr chip 120 comprises a predetennined number of signal 
terminal pads 115 which are composed as signal input/output pads. Each 
Signal terminal pad 115 is connected to me con^spondlng intra We DQ bus 
114 through a via at a predetermined position. The input driver 128 is supplied 
„ith a signal from the signal terminal pad 11 5 through the input protecfon 
resistor 130 and sends the signal to the internal circuit of the memory chip 120 
by converting a voltage value and so on. The output drK,er 129 outputs a signal 
a, a predetermined voltage value from the signal temiinal pad 115. W«h th,s 
structure, the signal produced by the signal tem,inal pad 115 may outputs from 
*«o DQ pins 112 through the intra-package DQ bus 114. An output MOS 
transistor of the output driver 129 has a function as an electrostatic protection 
element and a parasitic capacitor (electrostatic protection capacitor) 131 of the 

MOS transistor protects the internal circuit of the memory chip 120 from a 
electrostatic breaking phenomenon. 

Fig 7 shows details of the memory module 103 illustrated in Figs. 4 and 
5 The memory module 103 mounts the memory devices 104, 104, each of 
whteh is illustrated in Fig. 6, on surfaces of a memory controller side and a 
terminating resistor skie of the module substrate 122. The module substrate 
122 has connection terminals 125A and 125B at the memory controller side and 
«,e tennlnating resistor side, respectively The connection temrlnal 125Aserves 
as a terminal for connecting an intra-module DQ bus 110A with the DQ bus 108 
on the mother board 107 in the module socket 102 (Fig. 4). The connection 
terminal 125B serves as a temrinal for connecting an Intra-module DQ bus 110B 
With the DQ bus 108 on the mother board 107 in the module socket 102 (F«. 4). 

The module substtate 122 comprises wiring layers in which power 
supply (the Intra-module VDD surface 123 and the intra-module GND surfaces 
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124) are wired therein. The intra-module VDD surface 123 is connected to the 
Intra-package VDD surface 118 through the VDD pin 116 of the menx>ry device 
104 and a via hole. The intra-moduie GND surface 124 is connected to the 
intra-package GND surface 119 through the GND pin 117 of the memory devrce 
104 and a via hole. In the wiring layers in the module substrate 122, the 
intra-module GND surfaces 124 are «nred at a side of the substrate surface and 
the intra-module VDD surface 123 is wired between the intra-module GND 
surface 124. That is, the intra-module VDD surface 123 is comprised as a w,re 
sandwiched between two intra-module GND surfaces 124. The VDD pin 116 
and the GND pin 117 of the memory device 104 are disposed adjacent to the DQ 
pin 112. 

On a surface of the module substrate 122, the intra-module DQ buses 
110A 110B and the CA bus 111 are wired. The intra-module DQ buses 110A 
and 110B are connected to the intra-package DQ buses 114 through the DQ p,ns 
112 and via holes, respectively An intra-module DQ bus 110 running through 
the wiring layers comprises a via hole for connecting the DQ pin 112 at a side of 
the memory controller of the module substrate 112 with the DQ pin 112 at a s,de 
of «ie tem,inating resistor. In the memory module 103, the data bus compnses 
as a line of wires consisting of the intra-module DQ buses 110A, 110B, HOC and 
the intra-package DQ bus 114 of each memory device 104. 

in the memory device 204 of the conventional memory system 200 
illustrated in Fig. 1. the intra-package wire 213 illustrated Fig. 2 comprises the 
branch wire for the intra-module wire 208. In the embodiment of this invent»n, 
inasmuch as two DQ pins 112 are comprised for one intra-package DQ bus 114, 
the data bas can comprise the above-mentioned line of wires. The 
intra-package DQ bus 114, which corresponds to the intra-package wiring 213 
in the conventional memory device 204 (Fig. 2), comprises a part of the data bus 
in the memo^ system 100 and does not comprise the branch wiring for the data 

bus. 
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In the memory system 100 illustrated Figs. 4 and 5. on writing of data, a 
signal produced by the memory controller 101 propagates through the DQ bus 
108 on the mother board 107 and reaches the connection terminal 125A (Fig. 7) 
of the memory controller side of the memory module 103 through the module 
socket 102. In the memory module 103. the signal is supplied from the 
intra-module DQ bus 110A of the memory controller side connected to the 
connection terminal 125Ato the memory device 104A through one DQ pin 112. 

Supplied from one DQ pin 112 of the memory device 104A. a signal 
propagates the intra-package DQ bus 114, branches to the signal terminal pad 
115 through the branch wiring (via hole) 126. and produces from another DQ p.n 
122. Produced by the other DQ pin 112, a signal is supplied to the memory 
device 1 04B of the temiinating resistor side through the intra-module DQ bus 
HOC running through the module substrate 122 and one DP pin 112. 

Supplied from one DP pin 112 of the memory device 104B, a signal 
propagates the intra-package DQ bus 114. branches to the signal terminal pad 
115 through the branch wiring 126. and produces from the DQ pin 122. That is. 
in the memory devices 104A and 104B. the same signal is supplied to both 
signal terminal pads 115. Produced by the other DQ pin 112, a signal reaches 
the connection temiinal 1 258 of the terminating resistor side through the 
intra-module DQ bus 1108 of the terminating resistor side. 

In the memory system 100, inasmuch as impedance of a signal wire in 
each component of the mother board 107. the module socket 102, the memory 
module 103. and the memory device 104. specifically, wiring impedance of the 
signal wire composing the data bus matches and the data bus has branch-less 
structure except for the branch wire 126 for the memory chip 120, the influence 
of the generated signal reflection is small so as to neglect in any place. The 
signal produced by the memory controller 101 finally reaches the temninating 
resistor 106 on the mother board 107 through the DQ bus 108 and several 
memory modules 103 and is terminated by the temiinating resistor 106 (Fig. 5). 
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On the other hand, on reading operation of data, a data signal is 
produced from a side of the memory device 104 toward the memory controller 
101 Produced from an output circuit (not shown) of the memory chip 120 
through the signal terminal pad 115. a signal reaches the intra-package DQ bus 
114 through the branch wire 126. From the memory device 104. the data signal 
is produced toward the memory controller 101 through one DQ pin 112 and the 
data signal is produced from other DQ pin 112 toward the temiinating resistor 
106. 

Produced toward the memory controller, the data signal reaches the 
memory controller 101 through the DQ bus 108 and signal wires in the memory 
module 103. Inasmuch as the impedance of the data bus matches in the DQ 
bus 108 and the memory module 103 and the DQ bus 108 and the memory 
module 103 are composed so that time required where the data signal goes and 
returns the branch wire 126 is sufficiently short compared with the rising time of 
the data signal, the data signal propagates without a large distortion of the 
wavefomi and is terminated by the terminating resistor (not shown) of the 
memory controller side. Produced toward the tem^inating resistor 106. the data 
signal propagates the impedance matched data bus without reflection and is 
terminated by the temiinating resistor 106 in a similar manner on the 
above-mentioned writing operation. 

In this embodiment, two device temiinals (DQ pins 112) are provided for 
every one intra-package DQ bus 114. In the memory device 104. the 
intra-package DQ bus 114 is connected to the signal terminal pad 115 on the 
memory chip 120 between two DQ pins 112 through the branch wire 126. 
Therefore, it is possible to comprise the intra-package DQ bus 114 of the 
memory device 104 as a part in the data bus from the memory controller 101 to 
the terminating resistor 106 without comprising as the branch wiring for the data 
bus. That is. it is possible for the memory system 100 to make the signal wiring 
for a signal structure of the line of wires with the impedance matching. In the 
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memorv system 1 00, reflection ot the signal generated by the data bus ,s 
lowered, it is possible to propagate a data signal with high quality, and the 
memory system 100 can operate at a high speed compared with prior art. 

in addition, each wiring in the data bus is shielded by the power supply 
surface (the VDD surface, the GND surface). It is therefore possible to intercept 
cross-talk noises which invades fram the signal wires to the memory ch,p 120. 
inasmuch as the package substrate 121 is provided with the intra-package VDD 
surface 118 and the intra-package GND surface 119, the intra-module wiring 114 
comprises a strip line, and a rate of metal (copper) occupying the package 
substrate 121 is high, radiation of heat is smoothly carried out. it is therefore 
possible to prevent degradation of performance caused by rising of temperature 

of the memory chip 120. 

inasmuch as a part of the data bus is wired as the intra-package DQ 
bus 114 in the memory device 104 in the memory system 100, it is unnecessary 
to Wire the data bus (the intra-moduie DQ bus 108) in «ie memory module 103 
directly under the memory device 104. Although the memory device 104 
comprises the DQ pins 112 disposed at ends thereof and the CAp,n 113 
disposed at the center portion illustrated in Fig. 5, inasmuch as the part of data 
bus passes through the memory device 104, the intra-moduie wiring 1 08 breaks 
at this place and does not cross the CAbus 111 on the module substrate 122. 

in the conventional memory system 200, it is necessary to wire the DQ 
bus 112 and the CA bus 113 in different wiring layers in a case where the DQ bus 
112 and the CAbus 113 cross each other. Inasmuch as the data bus passes 
through the intra-pacKage DQ bus 114 in the embodiment of this invention, rt . 
easy to cross the CA bus 111 which is wired in a k^ngltudinal direction (right and 
left) on the memory module as shown in Fig. 4. it « unnecessary to increase the 
wiring layers, degree of freedom of the wiring layout increases. It is therefore 
possible to assign a large wiring occupied area to the CA bus 111 and ,s 
possible to decrease signal timing error, signal reflecUon, and cross-talk no«es 
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which are generated by the CAbus 111. 

Fig. 8 shows details of the memory device 104 for use in a memory 
system according to a second embodiment of this invention. The memory 
device 104 of this embodiment comprises the memory chip 120 and the package 
substrate 121 having a size larger than that of the memory chip 1 20. The 
package substrate 121 has structure where contacts enable to pick out from a 
surface opposite to the device temiinals such as the DQ pins 112. the power 
supply pins 116. 117. If the memory devices 104 illustrated in Fig. 8 are piled 
up to two-stage, a second stage of device temninals are connected to the 
contacts fomied on a first stage of the memory device 1 04. and it is possible to 
easily obtain a layered structure. 

Fig 9 shows structure of the memory system according to the second 
embodiment of this invention. The memory system 100 accoKiing to the sec»nd 
embodiment is different from that according to the first embodiment in a pent 
where the memory system comprises dual-system of data bus terminated in one 
memory module 103 and in a point where one memory module 103 mounts a 
plurality of laminated memory devices 104 thereon. In Fig. 9, illustretion of 
connection between power supply surfaces (the VDD surface 123 and the GND 
surfaces 124) In the module and power supply surfaces (the VDD surface 118 
and the GND surfaces 119) in the package is not omitted. 

The dual-system of the data bus is wired. The duai-system of the data 
bus is called 0-system and 1-system. Each system of the data bus has one 
temiinal tem,inated by an on-chip temninatlon (on-chip temiinatlng resistor) 
disposed in the memory controller 101 and another end tem^inated by the 
,em,inatlng resistor 106 disposed in the memory module 103. Each DQ bus 
108 composing the data bus is wired with the DQ bus 108 sandwiched by layers 
in which the power supply surfaces (VDD or GND) 135, 136 for suppl)rtng a 
power supply to each element of the memory system 100 are wired. 

Fig. 10 shows details of the memory module 1 03 illustrated In Fig. 9. 
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The memory module 103 has one side where two memory devices 104 are 
laminated. That is. the memo^^ module 103 comprises four memory devices 
104 in total. In the example being illustrated, the four memory devices 104 are 
called first through fourth memory devices 104A. 104B. 104C. and 104D in order 
to distinguish them. Each of intra-module DQ buses IIOAand 110B has a part 
which is wired in a wiring layer intermediating between the intra-module VDD 
surface 123 and the intra-module GND surface 124. In each memory device 
104 the intra-package DQ bus 114 and the signal terminal pad 115 are 
connected to each other through the branch wire (via hole) 1 26. The data bus 
extending from the connection temiinal 125 to the terminating resistor 106 is 
comprised as a line of wires in the manner which will presently be described. 

The connection terminal 125 is connected to a first DQ pin 112B1 of the 
second memory device 104B through the intra-module DQ bus IIOAof the 
memory controller side. The DQ pin 112B1 is connected to a first DQ pin 112A1 
of the first memory device 104A through a via hole without be connected to the 
intra-module DQ bus 114B. The DQ pin 112A1 is connected to one end of a 
first intra-module DQ bus 114 through a via hole. 

A second DQ pin 112A2 of the first memory device 104A is connected to 
another end of the first intra-module DQ bus 112A and is connected to one end 
of a second intra-module DQ bus 114B. The second intra-module DQ bus 114B 
has another end connected to a second DQ pin 112B2 of the second memory 
device 104B through a via hole. The DQ pin 112B2 is connected to a first DQ 
pin 112C1 of the third memory device 102C through a DQ bus HOC which 
comprises a via hole and which runs through the module substrate 122. 

The first DQ pin 112C1 is connected to one end of a third intra-module 
DQ bus 114C in the third memory device 104C. The third intra-module DQ bus 
114C has another end connected to a first DQ pin 112D1 of the fourth memory 
device 104D. The fist DQ pin 112D is connected to one end of a fourth 
intra-module DQ bun 114D in the fourth memory device 104D. The fourth 
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intra-module DQ bus 114D has another end connected to a second DQ p.n 
112D2 of the fourth memory device 104D. The second DP pin 112D2 « 
connected to a second DQ pin 112C2 of the third memory device KMC. The 
second DQ pin 112C2 is connected to the intra-module DQ bus 110B of the 
temilnating resistor side. The intra-module DQ bus 110B is tem,inated by the 
temiinating resistor 106 mounted on the module. 

It v^ill be assumed that data for the 0-system is written in the memon( 
system 100 illustrated in Fig. 9. in this event, a signal produced by the memory 
controller 101 propagates the DQ bus 108 on the mother board 107 and reaches 
the connection temiinai 125 (Fig. 10) of the memory module 103 through the 

module socket 102. 

The signal reaching the memory module 103 propagates the DQ pins 
112 inorderof 112B1. 112A1. 12A2. 112B2. 112C1. 112D1. 112D2, and 112C2 
through the DQ buses 110. 114 and via holes and is terminated by the 
temiinating resistor 106. Produced by the memory controller 101 , the s.gnal 
reaches the temiinating resistor 106 without branching except for the branch 
wirings 126 for being connected to the signal terminal pads 115 and is temiinated 
on the memory module 1 03. A count where the signal passes though the 

module socliet 102 Is one. 

inasmuch as the data bus extending from the memory controller 1 01 to 
the temrinating resistor 106 is comprised as a line of wires without branching in 
the second embodiment in the manner as the first embodiment, reflection of the 
data signal is lowered and it is possible to make the signal transmit with h«h 
quality, inasmuch as a plurality of memory devices 104 are laminated on one 
memory module 103, it is possible to realize a memory having a large capacty 

with a small area. 

The memory system according to the second embodiment adopts a 
stnicture where the signal passes through the module socket 102 only one time 
for one system of data bus. It is possible for the module socket 102 to take 
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impedance matching to some extent by adding a capacitor. However, it may not 
be easy for the connector portion of the module socket 102 to arrange the power 
supply lines (VDD lines or GND lines) at suitable positions for the data bus. 
When it is impossible to suitably arrange the power supply lines, it is difficult to 
constitute an ideal data bus and a characteristic of signal transmission degrades. 
By decreasing the count where one system of data bus passes through the 
module socket 102. the characteristic of the signal transmission is improved. 

Fig. 11 shows details of a memory device for use in a memory system 
according to a third embodiment of this invention. Although the signal terminal 
pad of the memory chip 120 is comprised as the input/output pad in the first and 
the second embodiments of this invention, the signal temninal pad is separated 
into a signal Input terminal pad 115Afor inputting a signal and a signal output 
terminal pad 115B for outputting a signal in the third embodiment of this 
invention. 

The memory device 104 shown in Fig. 6 adopts a structure where the 
data bus extending from one DQ pin 112 to another DQ pin 112 has a branch at 
a position where the branch wire 126 for connecting to the signal terminal pad 
115 is wired. In lieu of this, this embodiment adopts a structure where the data 
bus extending from one DQ pin 112 to another DQ pin 112 has no branch. 
Specifically, as shown in Fig. 11 . the signal input terminal pad 115A and the 
signal output terminal pad 115B are connected through an intra-chip DQ bus 127 
and the intra-package DQ bus 114 is divided into a first intra-package DQ bus 
114Afor connecting one DQ pin 112 with the signal input terminal pad 115A and 
a second intra-package DQ bus 114B for connecting another DQ pin 112 with the 
signal output terminal pad 115B. 

Fig. 12 shows the memory device 104 illustrated in Fig. 11 with an 
equivalent circuit of an Input/output portion of the memory chip 1 20. The 
memory chip 120 comprises, at the input/output portion, an Input driver 128. an 
output driver 129. an input protection resistor 130. and an electrostatic protection 
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capacitor 131. 

The input driver 128 Is supplied with a signal through the input 
protection resistor 130 from the signal input terminal pad 115A, converts a 
voltage value of the signal into a converted signal, and produces the converted 
signal to an internal circuit of the memory chip 120. The output driver 129 
produces a signal with a predetemnined voltage value from the signal output 
terminal pad 1 1 5B. The output driver 1 29 comprises an output MOS transistor 
(not shown) serving as an electrostatic protection element. An MOS transistor 
has a parasitic capacitor (the electrostatic protection capacitor) protects the 
internal circuit of the memory chip 120 from an electrostatic destruction 
phenomenon. 

Attention will be directed to a case of inputting a signal to the signal 
input terminal pad 115A. Supplied from one DP pin 112, a signal reaches the 
signal input terminal pad 115A either through the first intra-module DQ bus 114A 
and via holes or through the second intra-module DQ bus 114B, the signal output 
terminal pad 115B, the intra-chip DQ pad 127, and via holes. The signal 
reaching the signal input terminal pad 115A reaches another DQ pin 112 either 
through the intra-chip DQ bus 127, the signal output terminal pad 1158, the 
second intra-module DQ bus 1148, and via holes or through the first 
intra-module DQ bus 114A and via holes and is outputted to the outside of the 
memory device 1 04. In this event, there is no branch position in a signal path 
within the package substrate 121 extending from one DQ pin 112 to another DQ 
pin 112. 

Attention will be directed to a case where the memory chip 120 
produces a signal. Produced by the signal output temiinal pad 1158. a signal is 
produced to the outside of the memory device 104 through the intra-chip DQ bus 
127. the signal input terminal pad 115A, the first intra-module DQ bus 114A. via 
holes, and another DQ pin 112 and is produced to the outside of the memory 
device 104 through the second intra-module DQ bus 1148, via holes, and 
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another DQ pin 112. 

In the third embodiment of this invention, the signal input terminal pad 
115Afor inputting the signal for the memory chip 120 and the signal output 
terminal pad 11 5B for outputting the signal are comprised as different pads. In 
this event, it is possible for the package substrate 121 to constitute a line of wires 
with no branch from one DQ pin 112 to another DP pin 112 of the memory device 
104 and a signal transmission characteristic is further improved. 

Although the memory device 104 adopts a structure where the package 
substrate 121 having wiring layers is put on the memory chip 120 in the 
above-mentioned embodiment, it may use a tape material having a layered 
structure in place of the package substrate 121 . Although impedance of each 
wire in the package substrate 121 may be adjusted a thickness of the wire, a 
width of the wire, an interval between wires, material of the wiring layer or an 
insulating layer, a structure of the wire, or the like, it may be adjusted by adding a 
capacitance element in the vicinity of the signal terminal pad 114 on the memory 
chip 120. 

Fig. 13 shows details of another example of the memory device 104. 
Although the intra-package DQ bus 114 is wired with it sandwiched between the 
intra-package VDD surface 118 and the intra-package GND surface 119 in the 
above-mentioned embodiments, the memory device 102 illustrated in Fig. 13 has 
a structure where the intra-package VDD surface 118 or the intra-package GND 
surface 119 is wired in a wiring layer of the memory chip side and the 
intra-package DQ bus 114 is wired in a wiring layer lower than the wiring layer of 
the memory chip side. Although the input driver is directly connected to the 
signal input tenninal pad 1 1 5A and the output driver is directly connected to the 
signal output terminal pad 115B in the third embodiment of this invention, the 
input driver and the output driver may be disposed between two signal temainal 
pads connected to the intra-chip wire. 

Figs. 14A and 14B show examples of an input/output signal bus in the 



35 



memory system. Fig. 14A shows an example of an SSTL bus while Fig. 14B 
shows an example of a one-to-one connection bus. The SSTL bus shown in Fig. 
14A is equivalent to that shown in Fig. 3. 

In the SSTL bus, on connecting a branch wire 110 on a memory module 
with a main wire 108 on a mother board, a resistor 2301 is inserted in a branch 
position of the branch wire. It is desirable that a resistance value Rs of the 
resistor 2301 is satisfied a relationship of: 
Zo/2 + Rs = Zi, 

in order to match a characteristic impedance at a branch, where Zo represents a 
characteristic impedance of the main wire 108 on the mother board and Z^ 
represents a characteristic impedance of the branch wire 110 on the memory 
module 110. However, in order to ensure a signal amplitude on outputting to the 
memory side, a smaller value than the above by a little may be used as the 
resistance value Rs. 

In this event, reflection is decreased because impedance mismatching 
between the branch wire and the main wire is eased when a signal reflected at 
an end of the branch wire turns back to the main wire. Accordingly, it is possible 
to decrease distortion of waveform due to repetition of the reflection and date 
transfer of a high-speed can be carried out. The main wire has an end which is 
terminated to a predetermined end voltage (e.g. a half of a power-supply voltage) 
through a terminating resistor 106. By setting a value of the temiinating resistor 
in a suitable value, reflection of the signal at the end of the main wire is 
prevented. 

In the manner as described above, in the technique described in EP 
081 8734 A2, the memory system having branch can carry out the high-speed 
operation by decreasing distortion of a signal due to repetition of reflection of the 
signal generated by wiring branch positions because the memory system 
comprises the resistor (the stub resistor) for matching a characteristic impedance 
of a transmission line at a branch point of the signal wire. 
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Fig. 15 shows a wiring layout of the conventional memory module 203 
for use in a conventional memory module 2302 illustrated in Fig. 14A. Fig. 16 
shows a wiring layout of the memory module 103 for use in the memory module 
230 for use in the memory module 2303 illustrated in Fig. 14B. As shown in Fig. 
15, in the conventional memory module 230. a drawing of wires is complicated 
because of a restriction of a position relationship of connectors on the module 
substrate and presence of blocks such as the CA resisters 133 and the PLL 
circuit 134 disposed on the module substrate and it may be difficult to unify a 
wiring length of the intra-module DQ buses 208. 

Inasmuch as two device terminals exist for one signal in this 
embodiment, it is possible to easily make a suitable wiring layout by using either 
one in two DQ pins 112 illustrated in Fig. 16 and it is possible to easily unify the 
wiring length. If a wiring layout of the memory module illustrated in Fig. 17 is 
adopted to the memory module 2303 illustrated in Fig. 14B, it is possible to 
easily make a suitable wiring layout, it Is possible to easily unify the wiring length, 
it is possible to constmct a line of wires with no branch from one DQ pin 112 to 
another DQ pin 112 of the memory device, and a good signal transmission 
characteristic is obtained. 

Figs. ISA and 18B show examples of a memory package according to a 
third aspect of this invention. There is input/output signal temiinals 1 505 
through 1508 both sides of right and left of the memory package one by one and 
wires are made from input/output signal chip pads on the chip 1099 to either the 
input/output signal terminals of right side or the input/output signal terminals of 
left side. In the example being illustrated, an input/output signal chip pad 1 503 
is wired to the input/output signal terminal 1508 of the left-side in a package 1501 
illustrated in Fig. 18A while the input/output signal chip pad 1503 is wired to the 
input/output signal tenninal 1 508 of the right-side in a package 1 502 illustrated in 
Fig. 188. 

Fig. 19 shows an example of a memory module using the memory 
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package according to the third aspect of this invention. As shown in Fig. 19. the 
pacl<age 1501 having effective left-hand temiinals is used in a case of wiring 
from left-side of a region 1603 where a wire cannot carry out to a memory while 
the package 1502 having effective right-hand terminals is used in a case of 
wiring from right-side of the region 1603 to the memory. By using either one 
package in two types of the packages 1501 and 1502 in the manner which is 
described above, it is possible to easily make a suitable wiring layout and it is 
possible to shortening the wiring length and to easily unify the wiring length. 

Fig. 20 shows another embodiment of a memory package for use in the 
memory module illustrated in Fig. 19. This memory package has input/output 
signal terminals at both sides of right and left of the memory package one by one 
and has pads in the vicinity of both side of right and left of input/output chip pads. 
A wiring is made between the input/output signal terminals and the pads in the 
vicinity of the input/output signal chip pads and the pads in the vicinity of the chip 
pads at either right or left are connected to the input/output signal chip pads by 
wiring bonding. For example, a wiring is made between an input/output signal 
terminal 1508 and a pad 1703 in the vicinity of the chip pad at a left-side and the 
pad 1703 is connected to an input/output signal chip pad 1503 using a bonding 
wire 1702. With this structure, it is possible to constitute the memory package 
similar to the memory package having effective input/output signal terminals at 

left-side illustrated in Fig. ISA. 

Fig. 21 shows still another embodiment of a memory package for use in 
the memory module illustrated in Fig. 19. This embodiment uses jumper chips 
in lieu of the wiring bonding of the memory package illustrated in Fig. 20. This 
package has terminals and a chip on a back face of a package substrate 1804 
and wires, jumper pad pairs, and the jumper chips on a surface of the package 
substrate 1 804. Although this package has the terminals at both side of right 
and left of the package and the wires are made from the terminals at both sides 
of right and left to the input/output signal chip pads in the similar manner to the 
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memory package illustrated in Fig. 20, the wires are divided at pad pairs 1803 for 
the jumper chips on the way. By connecting, for example, the pad pairs for the 
jumper chips at left-side with jumper chips 1802. it is possible to constitute a 
package having effective input/output signal terminals at left-side of the package. 
To the contrary, the chip may be disposed on the surface of the package and the 
wires, the jumper pad pairs, and the jumper chips may be disposed on the back 

fade of the package. 

Fig. 22 shows yet another embodiment of a memory package for use in 
the memory module illustrated in Fig. 19. This package has terminals at both 
sides of right and left of the package and wires made from input/output signal 
terminals at both sides of right and left to input/output signal chip pads in the 
similar manner of the memory package illustrated in Fig. 20. The wires from the 
input/output signal temiinals at the right-hand are cut at the vicinity 1902 of the 
input/output signal chip pads. With this structure, it is possible to constitute a 
package having effective input/output signal temninals at the left-side. 

Although description is made about the memory package having the 
effective input/output signal terminals at the left-side of the package, it is possible 
to realize a memory package having effective input/output signal terminals at a 
right-side of the package in the similar manner which is described above. A 
power-supply GND layer may be disposed In the package and a wire may be 
formed as transmission lines. 

Figs. 23A and 23B are sectional views showing an embodiment of a 
memory package according to a fourth aspect for use in the memory module 

illustrated in Fig. 19. 

As shown in Fig. 23A. a memory package 2000 mainly comprises a 
package substrate 1804. a memory chip 1509. and input/output signal terminals 
2001 and 2002. The memory chip 1 509 is mounted on a back face of the 
package substrate 1804. The input/output signal terminals 2001 and 2002 are 
disposed on a surface and the back surface of the package substrate 1804 at 
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right and left. The input/output signal terminals 2001 and 2002 disposed on the 
surface and the back face of the package opposite to each other at a left-side of 
the package are connected to each other through a via hole 2003. 

The memory chip 1509 has an input/output signal pad 1503 which is 
connected to the input/output signal terminals 2001 and 2002 using an 
intra-package wire 1504. A power-supply GND layer may be disposed in the 
package and the intra-package wiring may be fomied as a transmission line. 
Inasmuch as the memory package has common input/output signal tem^inals at 
two sides at either left-side or right-side of the memory package, on mounting the 
package 2000 on a memory module 1601 as illustrated in Fig. 23B. the package 
2000 can use as a package having effective input/output signal temninals at a 
left-side of the package when the package 2000 is mounted on the memory 
module 1601 in the right side while the package 2000 can use as a package 
having effective input/output signal temiinals at a right-side of the package when 
the package 2000 is mounted on the memory module 1601 in the back. 

As shown in Fig. 24A. the memory package may have a structure where 
memory chips 1509 are mounted on both sides of the package substrate 1804. 
AS shown in Fig. 24B. the memory package may have a laminated structure 
where package substrates 1804 are laminated through balls 2101 used to the 
input/output signal temiinal of the package. 

Fig. 25 shows an example of a memory system which use jointly a 
one-to-one connection bus and a signal stroke connection bus. A memory 
device 2401 comprises a memory controller 2405 and a plurality of memories 
2403 on both sides of the memory controller at right and left. The memory 
device 2401 further comprises one-to-one connection buses 2406 and signal 
stroke connection buses 2407 for connecting the memory controller 2405 with 
the plurality of memories 3403. The one-to-one connection bus may use for a 
data signal and a data strobe signal while the signal stroke connection bus may 
use for a command address signal and a clock signal. The one-to-one 
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connection bus may use for a clock signal while the signal stroke connection bus 
may use for a data command address signal. 

Figs. 26A, 26B, and 26C show an embodiment of a laminated memory 
2501 for use in the memory device illustrated in Fig. 25. Fig. 26A is a plan view 
showing the laminated memory 2501 . Fig. 26B is a sectional view at a wiring 
area 2504 of the laminated memory 2501 . Fig. 26C is a sectional view at a 
wiring area 2503 of the laminated memory 2501. 

This memory is similar to the semiconductor unit according to the first 
aspect of this invention at the wiring area 1 503 in the memory illustrated in Fig. 
24A and chip pads 1503 are wired to terminals 2505 on both sides of the 
semiconductor unit at right and left. The wiring area 2504 is similar to the 
semiconductor unit according to the fourth aspect of this invention and chip pads 
1 503 are wired to terminals 2506 on one side (left) of the semiconductor unit. 
The terminals 2505 may use terminals for the single stroke connection bus 2407 
of the memory device illustrated in Fig. 25. The temiinals 2506 may use 
terminals for the one-to-one connection bus 2406. 

Fig. 27A and 27B show an example to which the memory illustrated in 
Figs. 26A through 26C is applied to the memory device illustrated in Fig. 25. 

Fig. 27A is a sectional view related to the one-to-one connection bus 
2406. As shown in Fig. 27A. the one-to-one connection bus 2406 is formed in a 
substrate internal layer. Inasmuch as the signal terminals 2506 for the 
one-to-one connection bus of the memory 2501 arranged in a right-side of the 
memory controller 2405 are disposed in near side (left-side) to the memory 
controller of the memory, it is possible to wire up to the chip pads of the memory 
at a short distance. The memories 2501 disposed at left-side of the memory 
controller 2405 are mounted with they turned over. Therefore, the signal 
terminals 2506 for the one-to-one connection bus of the memories 2501 are 
disposed in near side (right-side) to the memory controller 2405. It is possible to 
wire up to the chip pads of the memories at a short distance. 
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Fig. 27B is a sectional view related to the single stroke connection bus 
2407 The signal stroke connection bus 2407 is formed on a substrate surface 
layer and is connected to the terminals for the single stroke connection bus on 
both sides of the memories at right and left, and comprises a line of wires 
extending from the memory controller 2405 to the temiinating resistor 2404 

through wires in the nnemories. 

Although each memory 2501 comprises a memory obtained by altering 
the memory illustrated in Fig. 24A. each memory 2501 may comprise a memory 
obtained by altering the memory illustrated in Fig. 24B as shown in Figs. 28A and 
28B Although wires are comprised as transmission liens, description of the 
ground plane and the power-supply plane is omitted from figures. The memory 
system 2401 may be comprised as a memory module. 

Figs 29A. 298, and 29C show different embodiment of a semiconductor 
device according to this invention. This is a structure where the semiconductor 
devices illustrated in Figs. 26A through 26C are laminated through solder balls 
and four semiconductor chips are mounted. 

Fig. 29A is a sectional view of the semiconductor device where a device 
of a lower layer has a wiring for the one-to-one connection bus. This device 
comprises a printed board 2801 of a lower layer and a printed board 2802 of an 
upper layer. The printed board 2801 of the lower layer has a main surface on 
which a semiconductor chip 2804 is mounted and a back surface on which a 
semiconductor chip 2803 and device temiinals are mounted. Solder balls 2811 
and the device terminals 2809 are electrically connected to each other through 
via holes 2810. The printed board 2802 of the upper layer has a main surface 
on which a semiconductor chip 2806 and device terminals 2803 are mounted 
and a back surface on which a semiconductor chip 2805 is mounted. The 
device terminals 2813 and the solder balls 2811 are electrically connected to 
each other through via holes 2812. In the printed board 2801 . a wire 2812 .s 
connected to the via holes 2810. a chip pad 2807 of the semiconductor chip 
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2803. a chip pad 2808 of the semiconductor chip 2804. It is desirable that the 
chip pad 2807 of the semiconductor chip 2803 and the chip pad 2808 of the 
semiconductor chip 2804 are connected to each other through a via hole which 

is connected to the wire 2812. 

Fig. 29B is a sectional view of the semiconductor device where a device 
of an upper layer has a wiring for the one-to-one connection bus. The printed 
board 2801 of the lower layer has a back surface on which device terminals 2821 
are mounted. Solder balls 2823 and the device terminals 2821 are electrically 
connected to each other through via holes 2822. The printed board 2802 of the 
upper layer has a main surface on which device temiinals 2825 are mounted. 
The device terminals 2825 and the solder balls 2823 are electrically connected to 
each other through via holes 2824. In the printed board 2802 of the upper layer, 
a wire 2826 is connected to the via hole 2824, a chip pad 2827 of the 
semiconductor 2805. and a chip pad 2828 of the semiconductor chip 2806. It is 
desirable that the chip pad 2827 of the semiconductor chip 2805 and the chip 
pad 2828 of the semiconductor chip 2806 are connected to each other through a 
via hole which is connected to the wire 2826. 

Fig. 29C is a sectional view of the semiconductor device where devices 
of upper and lower layers have wires for the single stroke connection bus in 
parallel. The device of the lower layer has a back surface on which device 
terminals 2831 and 2842 are fomied and a main surface on which solder balls 
2833 and 2844 are formed. The solder ball 2833 and the device terminal 2831 
are electrically connected to each other through a via hole 2832 while the solder 
ball 2844 and the device terminal 2842 are electrically connected to each other 
through a via hole 2843. The printed board 2801 has a wiring 2838 which 
connects the via hole 2832. a chip pad 2836 of the semiconductor chip 2803. a 
chip pad 2804 of the semiconductor chip 2804, and the via hole 2843 with one 
stroke. It is desirable that the chip pads 2836 and 2837 are connected to each 
other through a via hole of the printed board 2801 of the lower layer. 
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The device of the upper layer has a main surface on v^hich device 
terminals 2835 and 2846 are formed and a back surface on which the solder 
balls 2833 and 2844 are fom^ed. The solder ball 2833 and the device temiinal 
2835 are electrically connected to each other through a via hole 2834 while the 
solder ball 2844 and the device terminal 2846 are electrically connected to each 
other through a via hole 2845. The printed board 2802 of the upper layer has a 
wiring 2839 which connects the via hole 2834, a chip pad 2840 of the 
semiconductor chip 2805. a chip pad 2841 of the semiconductor chip 2806, and 
the via hole 2845 with one stroke. It is desirable that the chip pads 2840 and 

2841 are connected to each other through a via hole of the printed board 2802 of 

the upper layer. 

It is desirable that a cushioning material is sandwiched between the 
semiconductor chips 2804 and 2805 from the point of view of stress and heat. It 
is desirable to protect or remove from short-circuiting to the outside by covering 
the device terminals 2813, 2835, and 2846 exposed in the device of the upper 
layer with insulator on mounting the laminated device on the memory module. 
In order to match an effective characteristic impedance of the wires of the 
semiconductor device with a characteristic impedance of the wires connected to 
the device terminal, it is desirable that a following relationship is satisfied: 

^•^'^^=|(Colcin)/i 
where 1 represents a length of the wires 2838 and 2839. LO represents an 
inductance per unit length. Co represents a capacitance per unit length. C,„ 
represents a load capacitance in the chip pad of the semiconductor chip, and Zmb 
represents a characteristic impedance of the wiring connected to the device 
terminal. 

While this invention has thus far been described in conjunction with 
preferred embodiments thereof, it will now be readily possible for those skilled in 
the art to put this invention into various other manners. 



